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CATER ONE 
GENEF;AL INTROD~TCTI(~N 
Thesis Organization 
The following thesis is organized into four chapters. Chapter One is a review of the 
literature covering factors that influence perinatal death loss, number of calves, gender of the 
calf, and dystocia. Chapter Two is a summary of research conducted to investigate the 
effects Of peripa~rturient disorders and other factors an calf related traits. Chapter Three is a 
summary of research conducted to determine the effects of periparturient disorders and other 
traits on the occurrence of dystocia. General conclusions of the experiments are in Chapter 
Four. 
Influences of periparturient disorders~~ environmental factors and .other traits on 
dystocia and calf related traits: A Review 
Introduction 
Parturition is a stressful event far the cow and calf and consequently can be 
detrimental to cow and calf health. ~'he effect of current lactation information including, but 
not limited to, perip~ent disorders; environmental factors, and parity of the dam have 
been studied to decrease the detrimental effects associated with calving. However, little 
research has substantiated the influence of previous lactation information an the calving 
process. Previous lactation information, for example, may include periparturient disorders, 
environmental factors, and fertility. 
In beef cattle, perinatal deaths within 24 hours of calving accounts far 57.4% of total 
mortality (Patterson et a~' , 1987}, indicating that the calving prac~ss has detrimental effects 
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on the calf. Many factors, including dystocia (Berger, 1994; Erb and Martin, 198oa; Pollak 
and Freeman, 1976; 1. , 1986) have been reported to be associated with perinatal death loss. 
E~~sto.ci a,  _or c al vin g  .c~ i ffi cult~yri~ one  a,~ectrof cal vi n g that  -may .hinder  _caw_ health_-- 
and increase perinatal death lass-. C-aping duff c~Ity has been asso~eiated with lnc~re~ased _post 
to producers (D~ekkerss 1994;_Dematawewa and Berger, 19973 Djemali et al., 1987; Schuh 
anal Killeen, 198). D~ecrea.~ing he incidence Qf dystoci-a would subsequently lower costs 
as-s4ciated with calving difficulty including. costs. associatecl~vith the. health of the. cow and 
replacement heifers. 
dumber of calves and gender of the calf have been reported to influence dystocia 
(K~las~ e~-at: , 1-990; .Martinez et- at. , 1 X83 c; Pe-l~~ and Freers-rare, 1976) a~r~ subsequently 
perinatal death Loss (Collery et al. , 1996; Martinez et al. , 1983a; Martinez et al. , 1983b). 
Therefore, this review focuses on the- influenEes of previous lactation information and current-
lactation information on perinatal death loss, number of calves, gender of the caclf, and 
dystocia. 
Perinatal death loss 
The pot~ntia.~ loss of a herd replacement ks ~ concern for the dairy industry. The 
occurrence of perinatal deaths has increased over the last 15 years and is currently estimated 
to: cost the United States idairy industry approximately 125.3 million dollars. per year (Meyer 
et al. , 20a 1 a). within the scientific literature, the def ninon of perinatal death loss varies 
greatYy, with some researchers strictly defining perinatal death loss as those calves that were 
abnormal or dead at birth (Hartman et al., 1974), while others include calves dying within the 
first 24 hours of life (1Vlartinez et al., 1983b; Ron et al. , 1986). Patterson et at. (1987) 
reported in beef cattle that perinatal death loss within 24 hours of calving accounted for 
X7,4°/Q of all calf mortality, Reported per~natal death loss in primiparous dairy cows vary 
from 3,20°/Q to 2~% (~ac~y anc~ '~T an Vleck~ 197$; Martinez et al,, 19$~b; Philipsson, 1976), 
Perinatal death loss in multiparous dairy cows range from 2, 5 °~o to 23 , 73 % (lady and Van 
vleck~ 197$; Martinez ~~al,, 19$3b; Philipsson, 1976), Although calf deaths were generally 
low at birth, decreasing perinatal deaths would be beneficial to maintaining a greater number 
of herd replacements, 
Various factors affect perinatal death loss, including calf size, calf weight, gender of 
the calf, number of calves, gestation length, environmental effects, parity of the dam, breed, 
and ystocla, 
Male calves have a higher incidence of perinatal deaths (Martinez ~~ ~~, , 19$3a; 
Martinez ~t ~~, , 19$3b; Weller ~t ~l, , 19$$}, Patterson ~~ al, (19$7} reported that of the total 
calf mortality, X7,6% were beef bull calves, In a retrospective study, 6~% of the total 
perinatal deaths analyzed in dairy and beef calves were male (~ollery et ~~., 1996), 
The size and weight of the calf may influence perinatal death loss for male and 
female calves, The average birth weight for female calves born to dairy heifers ranges from 
23,4 kg to 3 $,9 kg {Erb et ~l, , 19$1; Kertz e~ al, , 1997; Philipsson, 1976}. female calves 
born to multiparous dairy cows weigh from 39,3 kg to 43,4 kg at birth (Erb e~ ~r~,, 19$1; 
Kertz et al, , 1997; Philipsson, 1976}, Bull calves born to dairy heifers varied from 24, 6 kg to 
41.4 kg, while bull calves born to multiparous dairy cows vary from 40,2 kg to 45,$ kg (Erb 
e~ ~~, ~ 19~ 1; Kertz et ~r~, , 1997; Philipsson, 1976}, 
halves born to multiparous cows tend to be larger and heavier than calves born to 
primiparous cows (Bellows ~~ c~cl,  19$2; Bellows et a~, , 19$ $; Kertz et aI, , 199?}, Both large 
and very small calves tend to have increased perinatal death loss (Martinez et al., 1983b; 
McDermott et al., 1992; Thompson et al., 1983). Large calves have increased perinatal death 
loss when born to primiparous cows and sma11 calves have increased perinatal death loss 
when born to multiparous cows (Meyer et al., 2001a; Thompson et al., 1983). Females may 
have a decreased perinatal death loss at birth because of their smeller size and weight at birth. 
Both dairy and beef bull calves are heavier and larger than heifer calves at birth (Kertz et al., 
1997; Laster and Gregory, 1973; Pollak and Freeman, 1976). Further, Meyer et al. (2001 a) 
and Thompson et al. (1983) reported that heifer calves had decreased odds of a perinatal 
death when born to primiparous cows than bull calves, although heifer calves have increased 
odds of a perinatal death when born to multiparous cows compared to bull calves. 
Collery et al. (1996) reported that live calves (46.80 kg) were significantly heavier 
than calves that died (39.6 kg) at parturition. Woodward and Clark (1959) observed that 
heavier birth weight was not a major cause of perinatal deaths in Hereford cattle. Collery et 
al. (1996), Cady and Van Vleck (1978), and Simerl et al. (1991) reported that parity did not 
influence perinatal death loss. Calf weight is affected by breed (Philipsson, 1976) and breed 
differences may affect the relationship between birth weight and perinatal death loss. 
Other reports have suggested that gender of the calf does not significantly increase 
perinatal death loss in beef cattle (Gregory et al., 1996; Notter et al., 1978). Length and 
weight of calves was not significantly different between dead bull and heifer calves (Collery 
et al., 1996). Donald (1963) reported that male calves were not predominate among the 
larger calves born. However, Donald (1963) attributed the result to a sma11 sample size and 
to breed differences. 
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Twinning is also associated with perinatal death loss. Perinatal death loss is Lowest 
for singletons in both beef and dairy cattle (Eddy et al. , 1991; Gregory et al. , 1996; Nielen et 
al. , 1989). Cady and Van Vleck (1978) indicated that twins are weaker and. have increased 
perinatal death loss compared with singletons. In contrast, Echternkamp (1992) reported that 
no significant difference between perinatal death loss to 24h of age between singletons and 
twins in beef cattle. However, in that study, perinatal death Loss was numerically different at 
2% for singletons and 7% for twins. 
Gestation length also influences perinatal death loss. Live calves have been reported 
to have a significantly longer gestation length compared with dead calves (Collery et al. , 
1996; Martinez et al., 1983b}. Similarly, Martinez et al. (1983a) reported that both short and 
long gestation lengths increased perinatai death loss for cows. Martinez et al. (1983a) 
observed that the lowest perinatal death Loss occurred with a 283 day gestation Length for 
multiparous dairy cows and a 276 day gestation length for primiparous dairy cows. This may 
indicate that for primiparous cows, calf size may be optimal for calving at a shorter gestation 
length. Gestation length is influenced by both the number of calves born and gender of the 
calf. For beef and dairy cattle, gestation Lengths are shorter for twin calves than for singleton 
caves (Eddy et al. , 1991; Gregory et al. , 1990b; Nielen et al. , 1989). Male calves have a 
longer gestation lengths than female calves (Hotter et al. , 1978). Male calves had a longer 
gestation Length than female calves when born to primiparous beef cows, however, gestation 
Length wa.s shorter for male calves than female calves carried by multiparous beef cows 
(Bellows et al., 1988}. 
PerinataT death loss was Towered for calves born to multiparous cows than for calves 
born to primiparous caws (Martinez et al. , 1983 b; Meyer et al. , 2001 b; Philipsson, 1976). 
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Martinez et al. (19$3b) indicated that perinatal deaths were approximately 2 times more 
likely in primiparous dairy cows than multiparous dairy cows. Laster and Gregory (1973) 
found similar results for beef cows even when no assistance was provided at parturition. 
Calving seasons influence perinatal deaths. Significantly mare calves are born dead 
during November through April than in the remaining months (Martinez et al. , 1983~b). 
Similar results were reported by Erf and Hansen (1990) and Weller et al. (1988). In contrast, 
Gregory et al. (1990b) observed that season of calving had no significant effect on beef 
perinatal death loss, although these data were part of a twinning project (Gregory et al., 
1990a), which may have biased results. Twin calves had a greater occurrence of perinatal 
death loss during October through December (Gregory et al. , 1990b). Weather may partially 
account for the effect of season on perinatal death loss. Patterson et al. (1987) reported that 
perinatal death Loss (died within 24 hours) increased during severe weather conditions. 
Weather patterns during a particular year may also affect perinatal death loss. Year was 
reported to significantly affect perinatal death loss in beef cattle (Gregory et al. , 1996). 
Further, year has also been reported to affect total calf mortality (birth to weaning) in beef 
cattle {Hotter et al., 1978). 
Dystocia, or calving diff cult, ~.lso affects perinatal death loss. Perinatal death Toss 
in beef and d~ breeds was increased when calving difficulty was greatest (Laster and 
Gregory, 1973; Martinez et al., 1983c; McDermott et al., 1992). Donald (1963) reported that 
40.38% ofdifficult births in dairy cattle result in a dead calf. Philipsson (1976) reported that 
40 to 60% of the dairy calves that eventually died had experienced a difficult birth. Patterson 
et al. (1987) reported that 69.6% of beef calves that died within 24 hours of parturition 
experienced dystocia, and this loss accounted for 40% of total calf death losses. 
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Increased perinatal death loss of dystocic calves may be due to increased traction 
used during delivery as well as the occurrence of malpresentation of the calf at birth. 
Postmortem diagnosis of calves that died following assisted delivery observed that 2.1 % of 
these cases resulted in vertebral fractures each year (Schuh and Killeen, 1988). Hemorrhage 
in and around the kidneys, adrenal glands, and musculature over the thoracolumbar region 
was associated with these fractures (Schuh and Killeen, 1988}. In this study, the authors 
reported that most calves had one or more lesions following an assisted delivery. These 
lesions include fractured ribs and spinal chord compressions. The maj or~ty of calves that had 
at least one lesion died within 48 hours and no calves lived past 9 days of age. Surprisingly, 
males did not experience more fractures than females (Schuh and Killeen, 1988). 
Perinatal death loss is also reported to be 3 times greater for malpresented calves 
(Philipsson, 1976). In one study (Donald, 1963 ), 61.54% calves were malpresented at birth. 
Of these, 71.43% of the calves died when born to primiparous cows. However, in 
multiparous cows, only 16.67% of the calves that were malpresented died (Donald, 1963). 
The influence of cow fertility or milk yield during the previous lactation on 
subsequent perinatal death loss has not been studied. However, Mangukar et al. (1984) 
reported that milk yield in the subsequent lactation was decreased when perinatal deaths 
occurred. Mangukar et al. (1984) also reported that a cow that had required extreme 
assistance at parturition and a perinatal death had decreased 90 day milk production and 
fertility. In Hereford cattle, Woodward and Clark (1959) reported that dams were more 
likely to have subsequent perinatal losses when that dam had a previous occurrence of a 
perinatal death. This may indicate that a perinatal death may cause a reduction in the health 
of the cow and subsequently decrease milk yield and fertility. This reduction in health, and 
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further, the reduction in fertility and milk yield may also influence the occurrence of 
subsequent perinatal deaths. 
Increased perinatal death loss, decreased milk yield and decreased fertility may also 
be associated with dystocia. Calving difficulty has been reported to decrease reproductive 
performance as indicated by an increase in the number of days open, lowered conception 
rates, and increased services far conception (Colburn et al. , 1997; Mangukar et al. , 1984; 
Thompson et al., 1983). Cows delivering twin calves had decreased fertility compared with 
cows delivering singletons (Eddy et al. , 1991; Nielen et al. , 1989}. 
Number of calves 
Number of calves in beef cattle has been studied to increase the calf crop per cow 
calving. The benefits of twinning have not been substantiated to be greater than the losses 
associated with twinning. Nielen et al. (1989} indicated that economically, twinning may not 
be beneficial due to the losses involved including reproductive success. Estimates of the 
overall twinning rate in both beef and dairy breeds varied from 1.73 to 4.70% regardless of 
parity (Deluyker et al. , 1991; Nielen et al. , 1989; Skj ervold and James, 1979). 
Genetic and environmental aspects to twinning have been researched. Through the 
Twinning Project (Gregory et al. , 1990a) by selecting cows that had a greater incidence of 
twins and looking at the progeny of the selected cows, an additive genetic variation may 
influence the occurrence of twins in beef cattle. Van Vleck and Gregory (1996} observed 
similar results. Gregory et al. (I 990a} reported the heritability of twinning in the foundation 
animals was 0.06 and indicated that twinning was a quantitative genetic trait. Similar results 
were reported by Cady and Van Vleck (1978). The heritability of twinning rate in beef cattle 
was reported to be--~-02 for non progeny tested sires and 0.09 when progeny tested sires and 
embryo-transfer were included (Gregory et al. , 1990a). Similarly, estimates of heritability of 
twinning rate a.s 0.0219 and for select sires that had greater than 200 calvings heritability was 
0.0241 in multiparous cows (Bar-Aran and Bov~nnan, 1974). Thus, indicating that additive 
genetic variation is small. 
one method of indirectly selecting for greater twinning rate was observed through 
ovulation rate (Echternkamp et al. , 1990; Van Vleck et al. , 1991). Genetic correlation 
between ovulation rate and twinning rate in beef cattle was reported as 0.80 in multiparous. 
caws. and U.9to_ in-prin~iparaus cav~by Van Vleck et al. (1991).. Echternkamp et al. (1990) 
reported heritability of mean ,.ovulation rate to be 0.34 and for cows that were selected 
throug~i progeny testing or had an embryo transfer had a heritability of mean ovulation rate 
of 0.57. These studies. suggest that environmental influences contribute little to the variation 
of ovulation rates. No trend in percentage of ovulations by age of the primiparous cow was 
observed (Van Vleck and Gregory, 1996). Echternkamp et al. (1990) reported that month of 
observation far ovulations was important with the greatest number of ovulations in June and 
November. Echternkamp et al. (1990} did indicate that obser~tation of ovulations In 
primiparaus scows was a good method of determining whether a prirniparaus caw was likely 
to have twin calves. 
Environmental factors have been reported to affect the occurrence of twin calves. 
In beef cattle, fall calvings tended to have more twin calves compared with spring calvings 
(Gregory et al. , 1990a). In dairy cattle, twinning was greatest during April through 
September (Nielen et al. , 1989). Similar results were reported that twinning rate was greater 
during May and June (Ryan and Boland, 1991) and, although not significant, lady and Van 
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Vleck (1978) reported that a slight peak in twinning occurred between May and July. 
However, Kinsel et al. (1998) reported that season of conception was not important to the 
occurrence of twin calves. In the study by Kinsel et at. (1998}, the use of PGF2~ GnRH, 
uterine infusion, and systemic antibiotics were used to treat cows that were diagnosed with 
cystic ovaries and may have influenced the results. Herd may also account far differences 
(Nielen et al., 1989). Although season of calving influenced the number of calves, year was 
not important to the number of calves delivered (Gregory et al., 199oa). 
Parity influenced the number of calves in both dairy and beef cattle. elder cows tend 
to have greater number of calves (Cady and Van Vleck, 1978; Kinsel et al. , 1998; Van Vleck 
and Gregory, 1996). On the other hand, in beef cattle, parity was not significant to twinning 
(Gregory et al. , 1990a}. Similar results to Gregory et al. (199Ua) were observed in a study 
using embryo-transfers in beef cows (Anderson et al., 1982). Breed may account for 
differences. Bendixen et al. (1986) indicated that breed may influence the conception of 
twins. 
Sire had an effect on the ovulation rate observed in primiparous cows (Echternkamp 
et al. , 199Q}. However, sire did not influence the occurrence of twins in beef cattle (Gregory 
et al , 199aa). These results appear to be contradictory of previous reports that ovulation rate 
is genetically correlated with twinning rate. 
The influence of periparturient disorders and fertility in the prior lactation on 
twinning has not been extensively researched. Cows that had an occurrence of cystic ovaries 
and were not treated for the cystic ovaries were 2. S 1 times more likely to have twin calves 
(Kinsel et al. , 1998). Clapp (1934) indicated that 3 7.5% of cows that had cystic ovaries gave 
birth to twins. Slmllarly, for Swedish Friesians, Bendixen et al. (1989) reported that when 
Ir 
adjusted for parity twin bearing cows were 1.5 times more likery than population controls, to 
have experienced cystic ovaries prior to conception. However, when these same workers 
compared risk factors for twinning in Swedish Friesian cattle compared with herd controls 
the same result was not observed. Misdiagnosis in herd controls of cystic ovaries may 
account for differences between herd and population controls (I~nsel et al. , 1998) indicating 
that twinning may be associated with cystic ovaries in both Swedish Friesian herd and 
population controls. 
In Swedish Red and. white cattle, Bendixen et at. (19.89) did not observe an 
increased risk of cystic ovaries prior to conception for cows that gave birth to twins when 
compared with herd or population controls indicating that a herd effect due to common 
environment may bias the results. Bendixen et al. (1989), however, did indicate that twin 
bearing cows had an increased risk for having twin calves in subsequent calvings. This effect 
has been noted previously by Nielen et al. (1989) and through the Twinning Project (Gregory 
et al. , 199oa}. In the study by Bendixen et al. (1989), parity was adjusted for and therefore 
the association between an occurrence of cystic ovaries and an increased occurrence of twins 
may be a reflection of the true association between cystic ovaries and the occurrence of twin 
calves. 
Gender of the calf 
Heifer calves are necessary for replacements. Altering the ratio of male to female 
calves has been studied using various methods including polymerase chain reaction in 
embryos (Shea, 1999) and sperm (Chandler et al., 1998), flow cytometry (Johnson et al., 
1999), age of the semen (Mathai and Bharathan Namboodiripad, 1970), timing of ovulation 
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(Parsley et al. , 1998; and timing of insemination based on the conductivity level of cervical 
mucus (Wenner et al., 1997}. Various other factors have been reported to affect the gender 
of the calf ratio including number of services required for conception (Skjervold and James, 
1979), seasons of conception and birth (Mather and Mather, 1992; Sethi and Rao, 1981; 
Shea, 1999; Skjervold and James, 1979}, and milk yield during the previous lactation 
(Skj ervold and James, 1979). 
Overall sex ratio estimates varied from 46.7% to 54.3 %males in both dairy and beef 
breeds (Kertz et al. , 1997; Kumar et al. , 1981; Skj ervold and James, 1979} with only one 
value below 50% (~Vlathai and Bhaxathan Namboodiripad, 1970). Thus, indicating in general 
that in these studies more male calves than female calves are born. 
Sethi and 1Zao (1981) observed that calving season was important to the gender of the 
calf in dairy cattle. Sethi and Rao (1981 }reported that more female dairy calves were born 
during November through February. Similar results were reported in primiparous dairy cows 
(Skj ervold and James, 1979}, Murrah buffaloes (Mather and Mather, 1992} and in a study 
using polymerise chain reaction to determine the sex of embryos (Shea, 1999}. Qn the other 
hand, Hilder et al. (1944) and Kumar et al. (1981) reported that conception season was not 
impost to gender of the calf in dairy catty. Further, in Hariana cattle, it was reported that 
calving season did not influence the ratio of male to female calves (~viathur and ~halial, 
1997), Since conception season may be considered a precursor to calving season, given 
typical gestation Ie~gth, further research is needed to substanti~.te the effect of calving or 
conception season on gender of the calf for dairy cattle. 
Parity was not reported to influence the gender of the calf (Sethi and Rao, 1981; 
Skjervold and James, 1979). Similar results were indicated in reindeer (Kojola and Eloranta, 
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1989): an the other hand, Math~tr and Mather (1992) and Astolf and. ~`entoni (1995) 
concluded that as parity increased a greater percentage of male calves were born. 
observations by Skjervold and James (1979) indicated that younger first and second parity 
cows had more female calves than older first and second parity cows indicating age at 
calving was important to the percentage of female calves born. However, in Hurrah 
buffaloes, Mather and Mather (1992) reported that cows, above or below the average age of 
calving across all parities analyzed, tended to have greater percentages of male calves. Breed 
may account for differences as breed was reported to influence the gender of the calf 
(Skj ervold and James, 1979). 
Sire was not significant to gender o~the calf (Chandler et al., 1998; Sethi and Rao, 
1981; Shea, 1999). Sire heritability estimates for gender of the calf in dairy cattle was small 
or zero (Powell et al., 1975). ~-Iowever, Chandler et al. (1998) did indicate that the 
percentage of Y chromosome between bull ejaculates varied significantly and ranged from 
26.5% to 95.5% with the overall mean of Y chromosome in ejaculate to be So%. Chandler et 
al. (1998} also reported that a greater interval between ejaculate collection days was 
indicative of a greater percentage of male calves than a shorter than 20 day interval between 
collections. Further, Chandler et al. (1998) observed similar trends in boars. 
Skj ervald and James (~. 979) concluded that in herds with the greatest milk yield 
during the previous lactation more male calves were born to multiparous caws. On the other 
hand, Skj ervold and James (1 X79) indicated that individual cows with the greatest average 
daily milk yield during the previous lactation had more heifer calves than individual cows 
that produced the lowest average daily milk yields during the previous lactation. 
~~ 
size of the herd may account for differences as an increase in herd size has been 
reported to affect the sex ratio in favor of male Calves ~~l~j ervold and dames, ~ ~~~~. ~n the 
other hand, milli yield was not important to gender of the calf (ethi and Sao, l ~$1 ~. 
however, in the study by Sethi and Sao ~1 ~$ ~ j it was not indicated whether the milli yield 
analyzed was during the previous lactation or the current lactation. 
dumber of services required for conception influences gender of the calf. second and 
greater parity cows that only had one insemination for conception had slightly more male 
calves than cows that had two or more services for conception ~~l~j ervold and ~ames,l ~~~~. 
~n dairy cattle, timing of insemination by synchronization of ovulation ~~ursley et at. , 
~ ~9$~ or the conductivity level of the cervical mucus (wehner et at. , ~ ~~~- ~~ also influences 
gender of the calf. insemination immediately following the second injection of gonadatropin 
releasing hormone (~~~ and ~~ hours after the second injection of ~n~h yielded more 
female calves than males calves (pursley et a~ , ~ ~~$~. ~n the study conducted by wehner et 
a~ ~~ ~~~~, they observed that a declining cervical conductivity level of 4~ to ~~ resulted in 
more female calves, suggesting that insemination conditions may be optimal for producing 
heifer calves when the cervical conductivity is lower at time of insemination. 
~n contrast to ~ursl~y et a~. ~~ ~~$~, Rorie et a~. ~~ ~~~~ reported that timing of 
insemination in Angus cattle did not affect the sew ratio. style and timing of synchronization 
may account for differences. geed may also account for differences. ~ursley et a~`. ti ~~$~ 
synchronized using the C~vsynch~ protocol, consisting of synchronizing with injections of 
~n~h and prostaglandin ~~a ~~~p~~~ and inseminated in intervals of $Hours starting at time 
zero. ~~orie et a~ , ~ ~~~~ synchronized feeding melengestrol acetate via the diet along with 
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injections of Gn~Rh and PGF~a and. inseminated 8 to 10 hours or 20 to 25 hours after estrus 
detection. 
Dystocia 
Dystocia, or calving difficulty, is a concern for cow and calf health and consequently 
an economic concern for the dairy industry. Estimates of dystocia rate in primiparous dairy 
cattle vary from 3.25 % to 40.0% (Bendixen et al. , 1986; Erb et al. , 1981; Meyer et al. , 
2001 a). In multiparous dairy cows, reported dystocia rates range fronr~ 1.5% to 17.75% 
(Curtis and Erb, 1985; Martinez et al., 19$3c; Meyer et a~ , 2001 a}. Many factors affect 
dystocia rate, including hormones (Nakao et al. , 1997; Dsigna, 1978; Zhang et al. , 1999), 
genetics {Berger, 1994; Martinez et al. , 1983 c; Thompson et al. , 1981), environment (Erb et 
al. , 1981; Klassen et al., 1990; Qsigna, 1978) and the incidence of periparturient disorders 
(Correa et al., 1993; Curtis and Erb, 1985}. 
An economic lass has also been associated with calving difficulty (Dekkers, 1994; 
Dematawewa and Berger, 1997; Djemali et al. , 1987}. The economic losses associated with 
calving difficulty included costs related to Losses ire milk yield (Djemali et al., 19$7; 
1Vlangukar et al. , 1984), fertility (Archbald et al. , 1990; Mangukar et al. , 1984; Thompson et 
al., 1983}, and livability of calves (Gregory et al., 1990b; Martinez et al., 1983c; Patterson et 
at. , 1987}. Economic lasses also include casts associated with replacing cows that were 
culled (Thompson et al., 1983) or died. In addition, cow mortality was greatest when 
considerable or extreme force was used at calving (Dematawewa and Berger, 1997}. 
Economic losses are greater for primiparous cows than for multiparous caws (Dekkers, 1994; 
Dematawewa and Berger, 1997} and for heifer calves than for bull calves (Dekkers, 1994). 
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Dekkers (1994) reported that economic losses per case of calving difficulty are $43.11 for 
primiparous cows and $20.25 for multiparous cows regardless of calf sex. 
The cost for health disorders during the first 30 days post-calving was the greatest 
economic loss for the lactation (Shanks et al., 1981). Overall, the cost of dystocia-related 
health disorders was $5.09 per 30 day interval per cow (Shanks et al., 1981). Djemali et al. 
(1987) calculated the loss per cow during a lactation to be $2.03 for days open, $2.73 for 
milk, and $6.91 for calf losses. Dematawewa and Berger (1997) reported that extreme 
dystocia cost $383.03 per primiparous cow, $334.33 per second parity cow, and $279.00 for 
third and greater parity cows in the subsequent lactation. As dystocia incidence increases, 
the occurrence of health disorders will increase and overall health costs will increase. 
Environmental effects, including management, weather, and style of dairy, have been 
reported to affect dystocia. Correa et al. (1990) reported that dystocia tends to occur at a 
greater rate when dry cows are housed with the milking string. This may indicate that diets 
available to dry cows under those circumstances are not properly balanced for the needs of 
dry cows. Cows that calved in maternity free stalls, compared with stanchions, had a greater 
incidence of dystocia (Correa et al., 1990). On the other hand, Bend~en et al. (1986) 
reported that cows housed in tie stalls did not have a greater occurrence of dystocia than 
cows in loose housing. However, pen size was not accounted for in the analyses and 
crowding may have affected these data. These results also indicate that competition for feed 
in loose housing may affect the occurrence of dystocia. This is supported by the observation 
that cows experiencing the greatest losses in body condition score at calving are more likely 
to have greater occurrences of dystocia (Gearhart and Curtis, 1990). 
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Calving year and season are also associated with dystocia. Nutter et al. (1978) 
indicated that year affected the incidence of dystocia in beef cattle. In contrast, Berger et al. 
(1992} reported that year was- not significantly associated with dystocia in Angus. cattle. 
Weather conditions during the years studied rr~ay account far these differences; the study by 
Nutter et al. (1978} was performed in Nebraska from 1972 through 1975, while. Berger et al. 
(1992) analyzed American Angus Association records front 1972. to 1985. Weather 
conditions may have played a prominent role in determining the. conclusions of Nutter et al. 
(1978} due to the relative small local area from which the records. were obtained. The. results 
by Berger et al. (1992) are- more. indicative of a national average for Angus- cattle, reducing 
the impact of weather on the data. 
Calving difficulty has been r- eported to be lowest during the spring and summer 
months in dairy cattle- (Erb and Martin, 1980x; Klassen et al. , 1990; Pollak and Freeman, 
1976; Weller et al. , 1988). I~owever, Correa et al. (1990} and Grohn et al. (1990) reported 
that season did not influence dystocia rate. Gregory et al. (1990b) reported that dystocia rate 
was highest from May to July for primiparous cows and June through August for multiparous 
beef cows. Primpar- ous tows had more substantial differences in dystocia rate between 
Spring and fall calvings than multiparous cows. 
Dystocia is influenced by parity dairy breeds (Berger, 1994; I~lassen et al. , 1990; 
Pollal~ and Preerr~an, 1976}. In contrast, Cady and Van Vlecl~ (1978} reported that dystocia 
was unaffected by parity in I~olstein dairy cattle, however, this study based their conclusions 
on a small sample size. for primiparous cows relative to the other parity classes, which may 
account for the lack of significance_. Most studies concluded that calving difficulty, in dairy 
cattle, is greater in pri~niparous than in multiparous cows. 
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In primiparous cows, age at calving has been reported to be associated with dystocia 
r~to: The.: occurrence of dystocia decreases as age of primiparous cows increases at calving 
(Bendixen et al., 1986; Echternkamp and Gregory, 1999; welter et al., 1988), Conversely, 
Thompson et al. (1983) concluded that age at calving for primiparous dairy cows had no 
significant effect on the occurrence of dystocia. However, Thompson et al. (1983) does not 
account for herd, year, or season of calving which have been reported to affect the incidence 
of dystocia (Erb and Martin, 198oa; Klassen et al. , 1990; Pollak and Freeman, 1976), Thus, 
indicating that older primiparous cows have a more mature body frame size and allow for the 
more obtrusive calf, 
Gender of the calf has also influences the occurrence of calving difficulty. This effect 
is more pronounced in primiparous cow (Berger, 1994; Berger et al. , 1992). Male calves are 
born with more diff culty (Correa et al. , 1993; Martinez et al, , 1983c; Pollak and Freeman, 
1976}, although the incidence of dystocia is decreased for male calves when calving age is 
increased for primiparous cows (Berger et al., 1992; Echternkamp and Gregory, 1999; 
Weller and Gianola, 1989), Calving difficulty increases as calf size (Meijering and Postma, 
1984} and weight (Erb et al. , 19$1; Laster and Gregory, 1973; McDermott et al. , 1992) 
increases, Male calves tend to be larger and heavier at birth (Bendixen et al, , 1986; Erb et 
al. , 19$1; Pollak and Freeman, 1976), Bull calves v~vere reported to be 8.5 %heavier than 
heifer calves at birth (I~.ertz et al. , 1997) and nay require more assistance simply due to the 
larger size, Calf weight has been reported to be the greatest factor impacting the incidence of 
calving difficulty fir pri~.iparous cows (Erb et al. , 1981), The decreased rate of dystocia 
with male calves born to older primiparous cows may be due to the larger size of the 
primiparous cove, 
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Rate of dystocia was _greater for twin births compared to singletons QBendixen et al. , 
1986; Cady and Van Vleck, 1978; Correa et al. , 1993). Although the size of each calf in a 
twin delivery is smaller, calving difficulty may be affected by competition between twin 
calves at birth (Cady and Van Vleck, 1978). Gregory et al. ~ 1996) reported that 
malpresentation way the main cause of dystocia in twin born calves. These results may have 
also been influenced by amount of traction exerted on the calf during delivery. Traction 
significantly increased a.s the reported calving difficulty score increased (Colburn et al. , 
1997). On the other hand, some authors have reported that number of calves delivered does 
not affect dystocia (Anderson et al. , 1979; Eddy et al. , 1991; Peeler et al. , 1994). Philipsson 
~ 1976} reported that twinning in Swedish Friesian cattle lowered the occurrence of dystocia 
and attributed this response to a lowered body weight of twin calves born to primiparous 
cows. The same effect was not observed in calves born to multiparous cows in that study, 
Small observation numbers and breed differences may account for this observation. The 
decrease in perinatal death lass attributed to greater calving difficulty at birth (Martinez et 
al. , 1983 c; McDermott et al. , 1992; Patterson et al. , 1987) is a detriment to twin 
,pregnancies.. In addition, lowered fertility of the cow following. delivery of twins (Eddy et 
al. , 1991.) and less .calf crop increase costs. 
The risk Of peripa~rturient disorders ha.s been reported to be associated with increases 
in calving difficulty. Calving difficulty has been reported to be associated with the risk of 
milk fever (Bendixen et al. , 1986; Curtis et al. , 1983.; Thompson et al. , 1983 ). In addition, 
dystocia wa.s 9.7 times more likely to occur when milk fever was present at calving (Grohn et 
al. ~ 1990}. Although a distinct time sequence was not established between milk fever and 
dystocia., the greater risk of dystocia when milk fever was present may be due to reduced 
20 
uterine muscle tone (Curtis et al. , 1983). Reduced uterine muscle tone may hinder the 
strength of contractions at parturition leading to a difficult calving. Thompson et al. (1983) 
concluded that calving difficulty, milk fever, and retained placenta were not independent. 
Dohoo and Martin (1984) and Rowlands et al. (1986) reported that a previous 
occurrence of a periparturient disorder tends to lead to an increase risk of recurrence of the 
same disorder. Calving difficulty in the current lactation was associated with an occurrence 
of calving difficulty in the preceding lactation (Bendixen et al., 1986; Dohoo and Martin, 
1984; McDermott et al. , 1992}. Rowlands et al. (1986) on the other hand, indicated that a 
previous occurrence of dystocia or endometritis was not associated with current lactation 
occurence of the same disorder, although a previous occurrence of endometritis was 
associated with an increased likelihood of dystocia occurring in the subsequent lactation 
(Rowlands et al. , 1986}, although Dohoo and Martin (1984) observed no such association. 
The difference between these two studies may be a result of statistical analysis; Rowlands et 
al. (1986) adjusted for year of calving, herd, and lactation number, while Dohoo and Martin 
(1984) did not adjust for any environmental factors. In addition, the Iacation of the study and 
breeds included in the analysis were different in both studies. One study was performed in 
Great Britain. and had British Friesian, Ayrshire and Holstein crossbreeds (Rowlands et al. , 
1986), while the other study was located in Ontario, Canada and utilized the Holstein 
Friesian breed (Dohoo and Martin, 1984}. Dystocia and metritis have been reported to be 
associated with herd (Rowlands and Lucey, 1986) and breed (Dpnald, 1963; Laster and 
Gregory, 1973; Nutter et al. , 1978}. 
A rev~~w of the literature revealed no research available on the influence of fertility 
during the previous lactation on current lactation calving difficulty. However, it has been 
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previously reported that a greater incidence of dystocia was associated with a previous 
occurrence of endometritis (Rowlands et al., 1986) . An occurrence of metritis has been 
associated with lowered fertility in the same lactation (Sandals et al., 1979). Further, a loss 
in fertility, indicated by a greater number of services for conception and days open, was 
associated with a difficult calving (Archbald et al. , 1990; Mangukar et al. , 1984; Thompson 
et al., 1983). 
Parity is also associated with the affect of periparturient disorders and lowered 
fertility. Thompson et al. (1983) concluded that parity, dystocia, and milk fever were not 
independent, in addition the three way interaction between parity, dystocia and retained 
placenta were also not independent traits There is an increased occurrence of peripaarturient 
disorders when parity increases, such as milk fever (Thompson et al., 1983), cystic ovaries 
(Bendixen et al., 1989; Erb and Martin, 1980a), metritis (Dohoo and Martin, 1984;. Erb and 
Martin, 1980a; Simerl et al., 1991; Thompson et al., 1983) mastitis (Thompson et al., 1983), 
and retained placenta (Dohoo and l~Iartin, 1984; Erb and Martin, 1980a; Thompson et al., 
1983). Rowlands and Lucey (1986} concluded that older cows tended to have greater 
occurrences of metritis. in contrast, Rowlands and Lucey (1986} and Simerl et al. (1991} 
observed that retained pla~cetita was not associated with age. Curtis et a~. (1983). suggested 
that additional disorders m~.y be prevented. when action is taken to prevent one peripaarturient 
disorder. Proactive management by dairy personnel mad lower the occurrence of current 
lactation periparturient disorders and decrease subsequent reproductive fertility. 
The effects of milk yield during the previous lactation on the incidence of disorders in 
subsequent parturition have not been extensively researched. Curtis and Erb (1985} and 
Dohoo and Martin (1984) reported that mature equivalent milk yield during the previous 
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lactation was not associated with the incidence of dystocia in the current lactation. However, 
Djemali et al. (1987) and Mangukar et al. (1984) concluded that a loss in mature equivalent 
milk yield was associated with greater calving difficulty. Cows experiencing the most 
difficulty at calving had a mature equivalent milk yield Loss of 465 kg for first lactation, 576 
kg for second parity, and 725 kg for third and latter parities (Djemali et al., 1987). However, 
Jesuits reported by Deluyker et al. (1991) and Rowlands and Lucey (1986) indicated that 
calving difficulty was not directly associated with a reduction in peak milk yield in the 
subsequent lactation. Further research is needed to substantiate the effect of mature 
equivalent milk yield during the previous lactation on current lactation calving difficulty. 
~'oncluding remarks 
Knowledge of influential factors, such as environment and genetics, wi11 allow dairy 
producers to lower costs associated with calf traits and dystocia. through better management 
decisions. In addition, dairy producers will also increase the health of the cow and calf at 
p~riti0n through the assessment of influential effects on the calving process. overall, 
economic losses associated with calf-related traits and dystocia will be louvered with 
implementation of knowledge of influential factors through good management practices. 
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~~EAPTER TWO 
EFFECTS OF PERIPARTURIENT DISORDERS AND OTHER FACTORS ON 
CALF RELATED TRAITS 
A paper, a portion of which will be submitted to Journal of Dairy Science 
M. L. Wiederhold, M. A. Faust, and S. L. ferry 
Abstract 
Objectives were to 1 }evaluate cow related factors for calf traits and 2} evaluate 
relationships between prior periparturient disorders in dams for calf traits. Data were 
approximately 10,000 primiparous and multiparous lactation records from 10 California 
dairy herds collected as part of a study of periparturient disorders. Diseases were coded as 1 
for multiparous cows that had at least one occurrence of the disease and zero otherwise. 
Three categories of calving difficulty were defined: no, slight, and at least moderate 
assistance. Mixed model procedures were used to evaluate fixed effects of calving difficulty 
and seasons from the current Lactation and mature equivalent milk yield, number of services, 
and occurrences of cystic ovaries, lameness, and other periparturient disorders from the 
previous lactation; year, herd and residual were random effects. Dependent variables studied 
included perinatal death loss, number of calves born, and gender of the calf. Multiparous 
cows that were not lame during the previous lactation had more female calves. Older 
multiparous cows had the greatest twinning rates. Perinatal death loss within 48 h was larger 
for multiparous cows with greatest number of services for conception. Perinatal death was 
0.4% and 2.4% greater per one additional service for singletons and twins respectively. 
Perinatal death loss for primiparous and multiparous cows was greatest for cows that 
~~ 
experienced ~ d~stocia (re~uir~d ~at-rust moderate assistance}. Periparturi~nt d}sanders ~ur~~g 
the :previous lactation were not associated with perinatal death. loss in~ the current: lactation-. 
I~tr ,. 
Adequate.. numbers of heifer calves are essential to replace culled cows. For beef 
cattle,. Patters~an et al. (1987) ..reported: that perinatal deaths within 2~ hours -of calving-
-accounted for 57.4°fo of .total calf -mortality. The inci-deuce ~f perinatal deaths has_ increased 
during the Last 1 ~ yearn and costs the lr7nited Stares dairy industry apps-axinlately $125.3 
million annually (Meyer et al., 2001). 
Heifers are worth more at birth than bulls, however, slightly more bulls are born than heifer 
calves (Gray and Hurt, 1979; Laster and Gregory, 1973; V~eller et al., 1988). Twinning has 
the potential to increase the calf crop although problems related to twinning include 
freem~artin calves, increased perinatal death loss (Cady and Van Vieck, 1978; Nielen et al., 
1989; Pollak and Freeman, 1976}, pourer fertility during ~ubse~u~nt lacta-tins far cb~vs 
(Cady and Van Vleck, 1978; Nielen et at., 1989; Pollak and Freeman, 1976), and a greater 
incidence of periparturient disorders for cows (Bendixen et al., 1986; Correa et al., 1993; 
Nielen et al., 1989}. overall costs far herd replacements can be lowered by preselecting the 
gender of the calf, by lowering the number of twin births, and by Lowering the number of 
perinatal deaths. 
The objectives of this study were to identify potential influences of periparturient 
disorders during the previous Lactation, and fixed factors such as seasons and parity on the 
number of calves, the gender of calves, and perinatal death loss. 
3 -1 
~~a.tcrials and MQthods 
Data 
Data were 33,703 unique lactation records from 10 connnercial Holstein dairy herds 
located in central California. Date. were collected during August 1990 through February 
1994 (Appendix A}. Dairies were selected based on two criteria: the dairy was actively using 
Dairy Camp 30~TM and was recommended by veterinarians and farm advisors for the ability 
and willingness to comply with data collection. Dairies received instructions defz~ling 
records to be maintained and guidelines and definitions for categorizing peripa~rturient events. 
Dairies collected data using Dairy Comp 305TH, and monthly University of California-Davis 
personnel Stephen L. Berry transferred these data to a relational computer database and 
checked for errors in chronology and consistency. Errors and discrepancies in the data were 
reviewed by respective dairies for verification, and were corrected as necessary. 
Data for each lactation included permanent identification number, herd, parity, 
mature equivalent (ME} milk yield, number of services for conception, date turned dry, and 
dates of birth, calving, and conception. .~lso included in the data were disease diagnoses, 
perinatal death logs, number of calves born, gender of calves, and calving difficulty scare. 
To mzni~e the possibility for recording errors and outliers that nay bias analyses, records 
were eliminated from subsets when parity was > 12 or when milk production was Less than 
x,433 kg. 
During data collection, calving difficulty was coded based on the National 
Association of A~irn~.l Breeders (N~►.AB) scoring system (1=-no problem, 2=slight problem, 
3=assistance needed, 4= considerable force, 5=extreme difficulty} as described by Berger 
(1994). For analysis in the current study, calving difficulty was recategorized into three 
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categories (1=no problem, 2=slight problem, 3+=at least moderate assistance). The new 
categories of 1 and 2 corresponded to NAAB scores of 1 and 2, respectively. The third 
category included scores of 3, 4, and 5 from the original NA►AB scoring system. Calving 
difficulty was recategorized to better equalize subclass numbers and also because previous 
research indicated that at least moderate assistance can be detrimental to the calf (Martinez et 
al. , 1983 c; McDermott et al. , 1992; Patterson et al. , 1987). 
Perinatal death loss was coded as all calves alive at birth, all calves dead at birth, all 
calves dead before 48 hours, and one live and one dead calf at birth. To equalize subclass 
numbers, perinatal death loss within 48 h was recategorized as 0) at least one live calf at 48 h 
(included original coding of all calves alive at birth and one Live and one dead calf at birth} 
and 1}all calves dead within 48 h. Misclassification may play a role in evaluation and 
interpreting findings for perinatal death Toss. Same calves that are considered alive at 48 h 
may be misclassified and actually were dead within 48 h due to errors in recording thus 
lowering the power of this study. Others have used different time constraints and other 
factors when identifying perinatal death loss. For example, Hartman et al. (1974) defined 
perinatal deaths a.s calves that were abnormal or dead at birth. However, Martinez et al. , 
(1983b) and Ron et al. , (1986) considered perinatal deaths as calves that were born dead or 
died within 24 hours of parturition. In the current study, data for number of calves born live 
included live singletons and live twins. Triplets were excluded because they represented 
only 0.06% of the calvings. For gender of the calf, singletons and twins were included in the 
analysis, although when the twins consisted of one male calf and one female calf the record 
was eliminated. Thus, data far gender of the calf included single male, single female, twin 
male, and twin female records. Records for mixed gender twins were eliminated because for 
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these records, the effects due to gender of calves could not be uniquely assigned to one 
gender. 
Periparturient disorders diagnosed and recorded by dairy personnel were: milk fever, 
retained placenta., metritis, cystic ovaries (detected at least 30 dpost-calving), Left displaced 
abomasum, mastitis, and lameness. Retained placenta was defined as occurring when fetal 
membranes were not expelled by 24 hpost-calving. Metritis was an abnormal, malodorous 
discharge detected prior to pregnancy diagnosis. Lameness included cows that required 
treatment or were culled for lameness. Peripa~rturient disorders were defined as 0=mo 
occurrence, or 1=at least one occurrence of the disorder during the previous lactation. 
A total of six data subsets were created and included: primiparous cows with single 
births, primiparous cows with twin births, all primiparous records, multiparous cows with 
single births, multiparous cows with twin births, and all multiparous records (Table 2.1). The 
Table 2.1. The subset used in the analyses for each dependent variable. 
I3ependent Variable Subsets 
Perinatal death loss 
Number of live calves 
Gender of the calf 
Primiparous cows with single births 
Primiparous cows with twin births 
Multiparous cows with single births 
Multiparous cows with twin births 
All primiparous records 
All multiparous records 
All prlmiparaus records 
All multiparous records 
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additianai subsets were created to determine whether factors influenced perinatal death loss 
differently for single and twin births. V'Vhen multiple lactatians for individual cows were 
present in the multiparous subsets, one lactation per caw was selected at random. Three 
categories for parity were used far multiparous records: second parity, third through fifth, 
and sixth through eleventh parity. Parity was recategarized to distinguish between second 
parity which is considered to be i~nn~.ature, third through fifth parities which are mature; and 
sixth and greater parities that are considered to be in reproductive senescence. 
Statistical analyses 
Dependent variables included perinatal death lass within 48 h, number of live calves 
born, and gender of calves (Table 2.1 }. one-factor analysis, using the mixed linear model 
procedure in SAS (SAS, 1999), was used to identify (P ~ 0.15) independent variables for 
inclusion in the complete descriptive model. Using results from the one-factor analysis, the 
mixed model procedure of SAS (SAS, 1999) was used to build complete descriptive models 
by including all important (P ~ 0.15) independent variables. 
Independent fixed variables examined included parity, calving difficulty score, 
gender of the calf, number of calves, previous lactation variables (multiparous only), and 
season, month and year for date of calving and date of birth far the cow. Seasons were 
defined based an observed trends for fixed effects solutions from the ~uxed model procedure 
of SAS (SAS, 1999) for perinatal death lass (Appendix B}. Previous lactation variables used 
in models far multiparous caws included season, month, and year for date turned dry and 
date of conceptian~ ~~IE milk, number of services for conception, and occurrence of metritis, 
retained placenta., milk fever, cystic ovaries, left displaced abomasum, mastitis and lameness. 
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Herd, year Q~ ca ~~~? and' xe~~al mere rand~n~ effecter ~f~ ally ~~del~. ~ndep~n~d~nt 
variables in complete models were checl~ed far colinearity by using the c-correlations 
procedure in SAS (SAS, 1999}. Colinearity was defined as a correlation that d-id riot- 11 
within +0.5 0 and P _< 0.0001. When calinearity was detected, the independent va~i~~-~~ --
the smallest P-value ire the simpl~e.~ linear model was .retained. ~ ~Sinlple interactions ghat were 
significant (P ~ 0.05} m complete models were retained. 
The following mixed models were used for .data from primiparous cows.: 
Yijklmn 
Y;j~ 
where 
Yijklmn 
Yijmn 
bo 
CDIFF; 
C GENDER] 
BIRTHSk 
CALVS; 
~m 
YRn
eijktmn, eijmn 
= bo + BIR'T'HS; + CALVSj + CGENDERk + ~CDIFFI + Hm +YRn + eijklmn 
= bo + BIRTHS; + CALVSj + Hm +YRn ~" ̀ eijmn 
= binary variable associated v~ith pernatal death :loss (0 =dead within 48 
h; 1 = at least one live calf at 4$ ~ h) and perinatal -death lass at birth 
(0=dead at birth; 1 at least on live calf at birth); 
= binary variable associated with number of live calves born (1 =live 
singletons; 2 =live twins), and gender of the calf (1 = ma1e; 2 = 
female}; 
= intercept; 
= current lactation calving diff culty score i (1 = no assistance, 2 =slight 
assistance, 3+ = at least moderate assistance); 
= gender of the calf j (1 = ma1e; 2 =female); 
= season of birth of the dam k (season: 1 =January, June, August to 
~~ctober; 2 =February to May, July, November to December); 
_ season of calving 1 (season: 1 =March to May; 2 =November to 
December; 3 =January to February, June to Gctober}; 
= random effect of herd m (m = 1, 2, . , . , 10) and 
= random effect. of year of calving n (n = 1991, 1992, 1993, or 1994} and 
= random residual effect. 
The following mixed models were used far data from multiparous cows: 
~ijklmnopgrsuv = ~o + b1MEMILK + b2NS + DRYSk + BIRTHS + CALVS~ + 
CONCSn + PARITYQ -~- Pl1/IF~JRpi + PRPp2+ PME'1'1Zp3 + PCYSTp~ + 
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PLDAps + pMASTp6 + PLAME p~ + CGENDERQ +~~DIFFr + 
~DIFFs ~" Hu + ~v + ei3`klmnopgrsuv 
-. 
Yijkimnopuv = bo + biMEMILK + b2NS -~- DR~Sk + BIRTHSi -~- CALVB~ + ~ONCSn + 
PARIT~o + PMFVRp1 + PRPp2+ PMETRp3 + P~~S~p4 +PLDApS + 
PMASTp6 +PLAME p7 + ~u + ~v + eijkirn~lopuv 
where 
~ijkimnopgrsuv 
Yijklmnopuv 
bo
b~~ b2
MEMILK 
NS 
DRYSk
BIRTHS 
= binary variable associated with perinatal death loss {o =dead 
within 48 h; 1 = at least one live calf at 48 h}, and perinatal death 
loss at birth {o=dead at birth; 1 at least on Live calf at birth}; 
= binary variable associated with number of live calves 
born { 1 =live singletons; 2 =live twins}, and gender of the calf 
{ 1 =male; 2 = female}; 
= intercept; 
= regression coefficients for mature equivalent milk yield and 
number of services for conception, respectively; 
= previous lactation mature equivalent milk yield; 
= number of services for conception; 
= season tl~rned dry in the previous lactation k (season: 1 = 
December to April; 2 = l~Iay to July; 3 =August to November}; 
= season of birth of the dam 1(season: 1 =January, June, August to 
Qctober; ~ = Febr-nary to 1VIay, July, November to Dece~r}; 
CALv~m = 
P~A,RIT~Yo. 
PMFVIZ.pI
PRPp2
P~/IETRp3 = 
P~,Y~Tp4 = 
PLDApS = 
season of calving m {season:. l = March. to 1VIay; ~ =1~3©vember 
to Deoember;~- 3~ =January to F~braary, June tQ fJct~ber}; 
season of conception n {season: ~ ~- November to April; ~ ~ l~Iay . 
to-July; 3 =August to actober}; 
parity o {o = 2, 3 -5, 6-11 }; 
previous lactation- occurrence of milk fever ~0 = no occurrence; 
1 = at least one occurrence); 
previous. lactation occurrence of retained placenta {0 = no 
occurrence; 1 = at least one occurrence}; 
previous lactation occurrence of ̀ rnetrtis {o= no occurrence; 1 = 
at least one occurrence}; 
previous lactation occurrence of~cyst~c ovaries {0~ = no 
occurrence; 1= at least one occurrence}; 
previous .lactation oceurrenc~e _of 1.e~i~ displaced abonlasun~ 
{o = no occurrence; 1 = at least one occurrence}; 
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Pl~~ASTp6
PLA,MEp7
PCDIFFq
CDIFFr
CGEI~TDERS
~t~ 
YR~ 
eijkimnopgrsuv, eijklmnopuv 
previous lactation occurrence of mastitis (0= no occurrence; 1 = 
at least one occurrence}; 
previous lactation occurrence of lameness (U = no occurrence; 
1 = at least one occurrence}; 
previous Lactation calving difficulty score q (1 = no assistance; 
2 =slight assistance; 3+ = at least moderate assistance); 
current lactation calving diff culty scorer (1 = no assistance; 
2 =slight assistance; 3+ = at least moderate assistance); 
gender of the calf s (1 = ma1e; 2 =female); 
random effect of herd u (u = 1, 2, ..., 10) and 
random effect of year of calving v (v = 1991, 1992, 1993, or 
1994) and 
random residual effects. 
Differences in means were detected using fixed effects solutions in the mixed models 
procedure in SAS (SAS, 1999). One-factor analysis and mixed model procedures were used 
instead of a logistic model approach because independent variables included both continuous 
and fixed variables. The central limit theorem applied to this study to allow for the use of 
one-factor analysis and mixed model procedure. The central limit theorem states that in 
studies and random sampling with finite variance, as sample size approaches infinity the data 
will predict the same conclusions with a continuous variable in the model as a normally 
distributed data set (Snedecor and Cochran, 1989). Aiso these statistical approaches were 
used because others (Cady and Van Vleck, 1978; Echternkamp and Gregory, 199; Gregory 
et al. , 1996) have used similar approaches. Further when using a set that was similar data to 
the current study, Cady and Van Vleck (1978} found no difference in conclusions regardless 
of the analysis procedure used. 
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Results and Discussion 
Perinatal death loss 
Means and standard errors for perinatal death loss are in Table 2.2. Perinatal death 
loss was 9% for singletons born to primiparous caws and 4% for singletons barn to 
multiparous cows. Death loss for twins was 18%. Estimates of perinatal deaths for 
singletons from the current study were similar to results from other studies on Holstein 
dairies (Correa et al. , 1993 ; Deluyker et al. , 1991; Martinez et al. , 1983b) and to estimates 
for dairy breeds reported by others (Erf and Hansen, 1990; Peeler et al. , 1994; Weller and 
Gianola, 1989). In other studies, primiparous cows of dairy and beef breeds had greater 
incidences of perinatal deaths (Martinez et al., 1983b; McDermott et al., 1992; Meyer et al., 
2001}. 
Effects that were associated with perinatal death loss within 48 h are in Appendix C. 
Perinatal death loss for singletons born to primiparous cows was influenced by calving 
Table 2.2. Means and standard errors of the mean for perinatal death loss of single and twin 
born calves from • rimi ~ arous and multi ~ arous cows. 
Calving Descriptor 
primiparous Calvings 
Singletons 
Tv~ins 
Multiparous Calvings 
Singletons 
Twins 
n 
10,403 
62 
7, 847 
398 
Mean 
Proportion1
0.09 
0.18 
0.04 
0.18 
1No significant differences detected between mean proportions (P > 0.05). 
SElV1 
a.oa3 
0.049 
0.002 
0.019 
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difficulty, calving season, and an interaction between calving season and calving diff culty. 
Loss for twin calves born to primiparous cows was influenced by calving difficulty only. For 
singletons, perinatal death loss as calculated by least squares means was greatest for calves 
born to primiparous cows during November and December (0.171 ~ 0.0185) eon~pared to 
singletons born during March to May (0.129 ~ 0.0176} and during the remainder of the year 
(0.148 ~ 0.0168) (Appendix D). Perinatal death loss within 48 h for calves barn to 
multiparous cows was influenced by number of services for conception during the previous 
Iactation and calving difficulty, Loss for singletons born to multiparous cows was influenced 
by an interaction between calving difficulty score and calving season. Interestingly, mature 
equivalent milk yield during the previous lactation did not affect perinatal death loss for 
calves born to multiparous cows. 
For calves born to multiparous cows, parity was not important for perinatal death 
loss. All indicators of covcT health recorded for the previous Iactation were unimportant for 
perinatal death loss including retained placenta, cystic ovaries, mastitis, lameness, metritis, 
left displaced abomasum, and milk fever (Appendix C}. This may be a valid conclusion; 
alternatively correlations between health measures and other factors may mask the effects of 
cow health far perinatal death loss. Also, misclassification for peripar~turient diseases may 
affect these conclusions regarding perinatal loss. 
Least squares means and standard errors for the effects of gender of the calf on 
livability for calves born to primiparous and multiparous cows are in Table 2.3. For 
primiparous cows, perinatal death loss in calves was lowest for singleton females. For 
multiparous cows, there was a trend for singleton female calves born to multiparous cows to 
4~ 
Table 2.3. Least squares means and st~.ndard errors of pernatal death Toss for singleton ~.nd 
twin calves born t~ p_rimip'-aro~us_.and  mult~p~raus coves. 
Singletons Twins 1
Mean SEM Mean BEM 
Primiparous Calvings 
Male 0.159 0.0167 0.288 0.0723 
Female 0.139 0.0169 0.233 0.0741 
Multiparous Calvings 
Male 0,134 0.0082 0.256 0.0428 
Female 0.124 0.0081 0.199 0.0454 
_ -- 
Gender effects were unimportant for calves born to multiparous or primiparous cows. 
have Lowest pernatal death loss. Other workers have indicated similar results (Erf and 
~-Iansen, 1990; Martinez et al. , 1983 a; Patterson et al. , 1987). 
Means and their standard errors for number of services required. for conception during 
the previous lactation are in Table 2.4. Mean number of services was slightly greater than 
reported by Gearhart and Curtis (1990}. Perinatal death loss was greatest for calves born to 
multiparous cows that required the greatest number of services for conception (Table 2.5j. 
R.ebreeding problems in cows may indicate underlying conditions that ar-e associated with 
more perinatal death loss. ~ilthough no previous research was available to corroborate the 
current Ending, cows that bear twin calves are more likely to have twins in subsequent 
~actations (Kinsel et a: l., 19.98; Nielen et al., 19$9) and a reduction in subsequent fertility was 
reported for cows that had twin calves when compared to singleton bearing cows (Cady and 
van vleck, 1978; Nielen et al., 1989; Pollak and Freeman, 1976}. This may indicate that 
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Table 2.4. Means and standard errors of the mean for number of services for conception for 
calves born to multiparous cows. 
Number of calves born n Mean SEM 
Singletons 
Twins 
7, 847 
39~ 
2.3 5 0.02 
2.34 0.09 
Table 2 ~ ~ Regression eaef~ eients and standard errors for the effects of number of services 
on perinatal death loss for calves born to multiparous cows. 
Number of calves born Regression coefficient SE 
Singletons; death loss service 
Twins, death lossf service 
.004 
.024 
0.00 ~ 2 
0.0104 
cows that conceived twins due to underlying reproductive conditions may have greater 
perinatal death loss for their calves. 
Dystocia was related strongly to perinatal death loss. Frequencies of calving 
difficulty for singletons and twins born to primiparous and multiparous cows are in Table 
2.6. Singletons born to primiparous cows had 16.01 %Q moderate to extreme calving difficulty 
~v~hle singletons born to multiparous coves had ~ .02% moderate to extreme calving difficulty. 
However, moderate to extreme calving difficulty was 20.97°~o for twin calves born to 
primiparous cows and 12.81 %when born to multiparous cows. Estimates of calving 
difficulty rates for primiparous and multiparous cows in the current study were similar to 
estimates by others (Erb et al., 1981 ~ Meyer et al., 2001; Pollak and Freeman 1976}. Similar 
studies have reported that twin births result in greater the incidences rate -for dystocia (Correa 
et a~ , 1993; Gregory et al., 1996; Gregory et al., 1990b} and when calving difficulty 
occurred, twins had greater perinatal death loss (Gregory et al., 1996}. 
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In our study, dystocia was associated with more perinatal- death loss (Figure 2.1 }. 
There was an important calving season by parity interaction effect for perinatal loss of 
singletons (Appendix E). Similar results for calving season have been reported by others 
(:Martinez et al., 1983c; McDermott et al., 1992; Notter et al., 1978). In deceased calves that 
experienced a difficult birth, 40% (Patterson et al., 19$7) and 52.6% (Collery et al., 199b) 
of those calve.$ died as a reset of trauma from dystocia. Further, Peeler et al. (1994) reported 
that perinatal deaths were 2.02 times mare likely to occur during dystocia. 
Because perinatal death Toss at birth and loss at 48 h may be different traits, the 
former measure was evaluated using similar analyses and the results compared. Traits that 
were associated with perinatal death loss far calves that were born to primiparous cows were 
the same regardless of whether perinatal death loss was considered to be within 48 h or at 
birth. Further, results for perinatal death loss at birth for singleton calves that were born to 
multiparous cows were similar to perinatal death loss at 48 h. However gender of the calf, 
salving season and dam birth season affected death losses at birth but not at 48h for these 
singletons. For twin calves born to multiparous caws, similar results were seen for the two 
different loss variables, although calving season was associated with death loss in calves at 
birth but not within 48 h of life (data not shown). The di#~e~ences between perinatal death 
loss at bi~~th and within 48 may be a result of managerial factors. It appears that 
environmental factors and age of the dam are important to consider for lowering the loss of 
calves at bh-th. 
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1Yumber of live calves 
Frequencies of the number of live calves born to cows that calved are in Table 2.7. 
for the cows that calved, 3.47% of multiparous and 0.49% of primiparous Calvings were live 
twin calves. Triplets represented a small percentage of the Calvings and were not included in 
the analysis. Estimates of the mean number of calves born live for multiparous cows from 
the current study were similar to estimates reported by others (Eddy et al., 1991; Kertz et al., 
1997; Peeler et al. , 1994). 
Effects associated With number of live calves are in Appendix F. For primiparous 
cows, number of live calves was not influenced by any of the tested effects. Number of live 
calves for multiparous cows was affected by parity, previous occurrence of cystic ovaries, 
and an interaction between parity and previous occurrence of cystic ovaries. 
Table 2.7. Frequencies of singleton and twin births born to primiparous and multiparous 
COWSI. 
Alive at birth Dead a birth2
n frequency, % n frequency, 
Prirniparous Calvings 
S ingletons 9, 5.15 90.5 7 929 8.84 
Twins 52 0.49 10 0.10 
Multiparous Calvings 
Singletons 7,55 92.78 252 3.09 
Twins 283 3.47 50 O.b 1 
NNumber of live calves called 1 =singletons and 2 =twins. Triplets were excluded from the 
analysis. 
2 Shown for descriptive effect although calves dead at birth were removed from the analysis. 
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Table 2.8. Diseases for multiparous caws. 
Disease Dia osis~ n re uen ~ .f q eJ'~ 
Cystic ovaries 8,15 8 9.46 
Lameness 7,810 7.85 
Left displaced abomasum 7, 810 0.5 8 
Mastitis 7,810 16.47 
Metritis 8,158 11.95 
Milk fever 8,158 2.86 
Retained placenta 8,15 8 4.3 5 
Diseases defined as at least one occurrence of the disorder in the previous lactation. 
Incidences of periparturient diseases for multiparous cows are in Table 2.8. The most 
frequently observed diseases were mastitis (16.47%) and metritis (11.95%). The least 
frequent periparturient disorder was left displaced abomasum (0.5 8%). In the current study, 
disease incidences were within ranges reported by others (Correa et al., 1993; Curtis and 
Erb, 1985; Deluyker et al., 1991; Gearhart and Curtis, 1990; Guerra-Martinet et al., 1990; 
K%nsel et al., 1998; Nielen et al., 1989; Peeler et al., 1994; Rowlands and Lucey, 1984). 
The occurrence of cystic ovaries in the previous lactation was associated with the 
number of live calves (Table 2.9}. 1Vlultiparous cows that had a previous occurrence of cystic 
ovaries had slightly more Live calves born (1.06 ~ 0.009} than multiparous cows that did not 
have a previous occurrence of cystic ovaries (1.04 ~ 0.004}. Similar results were reported by 
~se1 et al. (1998} and Clapp (1934). ~se1 et al, (1998) reported that cows that had cystic 
ovaries and were not treated were 2.51 times mare likely to have twins. Clapp (1934) 
indicated that 37.5% of cows that had cystic ovaries gave birth to twins. Similarly, when 
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Bendixen et al. (~ 9$9} studied the effects of twinning and cystic ovaries for cows and their 
herd and populations controls in Swedish Friesians, these authors reported that when adjusted 
for parity, twin bearing cows ~rere 1.5 times more Likely than population controls to have 
experienced cystic ovaries prior to conception. However, when these same workers 
compared- risk.. factory for twinning in Swedish Friesian cattle the same result was not 
observed. Misdiagnosis in herd controls of the incidence of cystic ovaries may account for 
differences between herd and population controls (I~insel et al., 1998}. In Swedish Red- and 
White cattle, Bendixen e~ al. (1989} did not observe a greater risk of cystic ovaries prior to 
conception when compared to herd or population controls for cows that gave birth to twins, 
which may indicate that a herd effect due to common environment may bias the results. 
Table 2.9. Feast squares means and standard errors for parity and previous occurrence of 
c stic ovaries for number of live calves to multi ~ arous caws. 
Bffect- n Number of live calves SEM 
Previous cystic ovaries 
no cystic ovaries 7,16 1. a~a o. 
cystic ovaries 7~~ 1.Odb (1.9 
Parity 
~,~3~ 0.03 0.7 
3 - ~ 4,103 0.06` 0.5 
6 573 0.0~~ 1.2 
ll~umber of live calves coded 1=singletons and 2 = twiny. Triplets were excluded front the 
ana ysis. 
~'bEstimates for means for cystic ovaries without a common superscript differ (P < 0.05}. 
~'d~stimates for means for parity without a common superscript differ (~' < 0.05}. 
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Table 2.10. Least squares means and standard errors for number of live calves for the 
interaction of parity and previous occurrence of cystic ovaries for multiparous cows ~ . 
No CySt1C OvarleS Cystic OVar1eS 
Parity Meant SEM Mean SEM 
3 —5 
1.oz6 0.004 ~ 1.04o O,o 120 
1.03 7 0.003 9 1.087 0.0094 
> 6 1.047 0.0087 1.040 0.0215 
1Number of live calves coded 1 =singletons and 2 =twins. Triplets were excluded from the 
analysis. 
2No significant differences were detected between means within a column or row (P > 0.05). 
Bendixen et al. (1989), however, did indicate that twin bearing cows of both breeds studied 
had a greater risk for having twin calves in subsequent calvings. This effect has been noted 
previously by Nielen et al. (1989} and Gregory et al. , (1990a). In the study by Bendixen et 
al. (1989), parity effects were adjusted for therefore the associations reported by these 
authors may be a reflection of the true association between cystic ovaries and the occurrence 
of twin calves. However, the differences reported may only be a breed effect between 
Swedish Red and white and Swedish Friesians. 
Parity was associated with .the number of live calves born to multiparous caws (Table 
2.9). Number of live calves was greatest for third and greater parity cows. This result is 
similar to findings of other researchers who reported that older cows had the greatest number 
of calves (Bendixen et al., 1986; Cady and Van vleck, 1978; Kinsel et al., 1998). 
Further, there was an important interaction of parity by previous occurrence of cystic 
ovaries for the number of live calves born to multiparous cows (Table 2.10). Cows in the 
third through fifth parity that experienced cystic ovaries in the previous lactation had more 
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live calves (1.087 t 0.0094) than third through fifth parity cows that did not experienced 
cystic ovaries in the previous lactation (1.037 f 0.0039). Cows in the third through fifth 
parity that experienced cystic ovaries in the previous lactation had more live calves than any 
other party subclass and than cows that did not have a previous occurrence of cystic ovaries. 
The small number of observations (n=76) for sixth and greater parity cows that had a 
previous occurrence of cystic ovaries may have influenced the results observed. 
Gender of the calf 
Frequencies for gender of calves born to primiparous and multiparous cows are in 
Table 2.11. There were more bull calves than heifer calves born to both primiparous and 
Table 2.11. Frequency of gender of singleton and twin calves born to primiparous and 
multiparous cows. 
Primiparous Multiparous 
Gender of calf n frequency, % n frequency, 
Female 4,945 47.0 3,912 48.0 
Male 5,520 53.0 4,246 52.0 
Table 2.12. Frequency of gender of calves born to multiparous cows with or without a 
previous occurrence of Lameness ~ . 
Previous lameness Male Female 
n Frequency, frequency, 
no lameness 
lameness 
3,712 52 3,485 48 
343 56 269 44 
1 Lameness defined as at least one occurrence of the disorder during the previous lactation. 
multiparous cows. A gr-eater ,percentage of male. calves born compared with females has. 
been reported previously (Gray and Hurt, 199; Laster and Gregory, 1973; Weller et al., 
1988). 
.Parity, season, .and previous 1VIE milk were not associated with calf gender, Gray .and 
Hurt (1979) also reported that .parity was not associated with gender of the -calf. Although 
most diseases were not associated with gender of the calf, a previous occurrence of lameness 
in multiparous cows -was associated with the birth of more male calves (Table 2.12). We do 
.not have an explanation for this .result. However, .misclassification of lameness may affect 
the results .and may be .one explanation concerning-_the relationship between .this disorder and 
calf gender. A review of the Literature did -not reveal any similar observations on the 
influence of a previous Lactation occurrence of lameness on the occurrence of greater male 
calves. 
Cvncl unions 
This research examines factors -that may influence perinatal death lass, number of dive 
calves, .and calf .gender. The .process of calving is a critical time for the cow and .calf and 
ultimately may influence subsequent health and viability for -cows and calves.singletons -had 
the -lowest ,perinatal death lass within 48 h. -Calves that -were born with difficulty had more 
perinatal deaths. Interestingly, perinatal-death loss was greatest for multiparous cows that 
had the greatest- number of services during the previous lactation. For singletons born to 
multiparous cows, perinatal death was 0.4% greater for each additional service for 
conception. However, for twin born calves, perinatal death loss- was 2.4% greater for- an 
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additional service. Periparturient disorders occurring during the previous lactation in 
multiparous cows did not influence perinatal death loss. 
Cows that experienced an occurrence of cystic ovaries during the previous lactation 
had more live calves. Twinning was greatest for third through fifth parities. An interaction 
between cystic ovaries and parity was associated with the number of live calves. For cows 
that did not experience cystic ovaries during the previous lactation, number of live born 
calves was greatest for cows with at least six parities, however, for cows that experienced 
cystic ovaries, number of live calves was greatest for parities 3-5. 
Through this research herd replacement costs can be decreased by lowering perinatal 
death Loss as well as lowering the number of twin births. This research can be implemented 
through protocols used by dairies that teach dairy personnel to limit the amount of assistance 
provided at calving. Concerning the number of twin births, dairy personnel can pay closer 
attention to cystic ovaries in mature cows, especially third through fifth parity cows. By 
paying close attention to cystic ovaries, dairies may be able to limit the effect of cystic 
ovaries on the number of twin births. 
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CHAPTER THREE 
EFFECTS OF PERIPARTURIENT DISORDERS AND OTHER FACTORS ON 
CUI~,RENT LACTATION CALVING ASSISTANCE 
A paper, a portion of which will be submitted to Journal of Dairy Science 
M. L. ~Wiederhold, M. A. Faust, and S. L. Berry 
Abstract 
Objectives were to determine 1) the effects of cow and calf related factors on dystocia 
and 2) the effects of previous lactation peripa~rturient disorders on assistance at calving. Data 
were records for approximately 1 I ,900 cows from 10 California dairy herds. Peripar~turient 
disorders were coded as no occurrence or at least one occurrence during the previous 
lactation. Mixed ~hodel procedures were used to determine effects of calf gender, and 
number of calves born for the current lactation, and mature equivalent milk yield, number of 
services, and occurrences of peripa~rturient disorders during the previous lactation ou 
dystocia. Herd, year of calving and residual were random effects. Assistance was defined as 
no assistance and at beast slight assistance. Assistance was provided for 29.82% and 10.52% 
of prirniparous cows and multiparous calvir~gs, respectively. Thy incidence of assistance was 
greater for multiparous cows with twins. -Cows that gave birth to female calves received the 
least assistance regardless of parity. Multiparous cows that calved during March through 
September received less assistance than cows that calved in January, February or October. 
Primiparous cows that calved during May through November received less assistance than 
cows that calved during the other months. Multiparous cows that required the greatest 
number of services for conception during the previous lactation received assistance most 
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frequently (0.6°/,~ more assistance for each additional service). Multiparous cows that had an 
occurrence of dystocia during the previous lactation experienced more dystocia in the current 
lactation. However, other peripa~rturient disorders during the previous lactation were not 
associated with dystocia in the current lactation. 
Introduction 
Compromised cow and calf health that can result when bows experience calving 
difficulty (dystocia) is an economic and animal welfare concern for the .dairy industry. The 
economic loss associated with calving difficulty is due to losses in milk yield (Dj emali et al. , 
19$7; Mangukar et al. , 1984), poor fertility (Archbald et al. , 1990; Mangukar et al. , 1984; 
Thompson et al. , 1983 ), perinatal calf deaths (Gregory et al. , 1996; Martinez et al. , 1983; 
Patterson et al. , 1987} and premature culling (Thompson et al. , 1983). Several authors 
reported that economic Losses due to dystocia are greater for primiparous than for 
multiparous cows (Dekkers, 1994; Dematawewa end Berger, 1997} and greatest when heifer 
calves are barn (Dekkers, 1994}. 
Environmental factors including housing area (Correa et al~ , 1990} and season of 
calving (Erb and Martin, 1980; I~lassen et al. , 1 X90; Pollak axed ~~eeman, 1976) influence the 
occurrence of calving difficulty. Various other factors such a.s parity (Erb and Maxon, 1980; 
~lassen et al. , 1990;1VIcDermott et al. , 1992}, calf gender (Correa et al. , 1.993; I~.l.assen et al. , 
1990; Martinez et al. , 1983} and number of calves born (Bendixen et al. , 1986; Cady and 
Van Vleck, 1978; Correa et al., 1993} also influenced the occurrence of dystocia. Cows that 
experienced dystocia have poorer fertility, indicated by a greater number of services for 
cbneeption and more days open (Archbald et al., 1990; iVlangukar et al., 1984; Thompson et 
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al. , 1983 }. Der~atawewa and Berger (1997) reported the total cost associated with dystocia 
to be $8.53, $9.63, $9.49 for heifers, second party, and greater than second party cows, 
respectively. Overall, the per cow .cost of all health disorders studied was reported to be 
$12.3 3 for the first 3 0 day interval pastpai~tum (hanks et al. , 1981), 
A review of the literature revealed few studies on the influence of peripa~rturient 
disorders during the previous lactation on subsequent calving difficulty, Calving difficulty 
has been reported to be asso-ciated with milk fever concurrent with parturition (Bendixen et 
al., 1986; Curtis et al., 1983; Grohn et al., 1990). A previous occurrence of endometritis was 
associated with dystocia in the subsequent lactation (Rowlands et al., 1986). A previous 
occurrence of dystocia was observed to be associated with greater dystocia rates in the 
subsequent lactation (Bendixen et al. , 1986; Dohoo and Martin, 1984; McDermott et al. , 
1992; Rowlan~ts et al. , 1986). 
Preventing calving difficulty can help dairy producers to maintain better cow and calf 
health* The objective of this study was to identify potential factors influencing the 
occurrence of calving difficulty in Holstein dairy cows. 
11~aterals and 1Vlethods 
Data 
Data consisted of the Holstein lactation data analyzed previously by (wiederhold et 
+al, , 2a03 }. Briefly, data were from 10 commercial California dairies collected during August 
1990 through February 1994, Data for lactations included permanent identification number, 
herd parity, mature equivalent (l~~) .milk yield, number of services for conception, number 
of calves born, date turned dry, and dates of births calving, and conception. Disease 
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information, perinatal calf death loss, gender of the calf, and calving difficulty score were 
included also. Records were eliminated fromi. subsets when parity was > 12 or when mill 
production was Less than 5,433 kg to minimize the possibility for recording errors and 
outliers that may bias analyses. 
Parity was recoded as second, third through fifth, and sixth through eleventh parities. 
Calving difficulty originally was coded based on the National .Association of Animal 
Breeders (NA,AB) scoring system defined as no problem to extreme diff culty as described 
by Berger (1994}. Dystocia was recategorized into two categories. The first category 
consisted of records t~iat did not require any assistance at parturition. The second category 
included records where at least slight assistance was given. Pollak and Pelissier (1980) 
observed that the occurrence of other periparrurient disorders such as milk fever and retained 
placenta are greater when cows required assistance, including slight assistance, at calving 
compared to cows that did not experience any assistance. Pollak and Pel~issier (1980) 
observed that for primip~.rous and multiparous cows that experienced slight assistance, 
perinatal death loss within 48 hours was 18% to 2d% and only 2.5% to 4.0% perinatal deaths 
when assistance vvas not provided at calving. Other researchers found that moderate 
assistance was detrimental Q the calf (Ma~tine~ et al., 198.3;1VIcI~ermott et a~,, 1992; 
Patterson et a~., 198'7). 
Two data subsets were created for analysis: first lactation records and second 
and greater lactations. When multiple records for individual cows were present in the Iatte~ 
subset, one record per cow was selected at random. For number of calves, records with more 
than two calves were excluded because triplets represented only 0.02% of the calvings. 
Mixed gender twins were eliminated from the analysis because the effect of gender of the 
~7 
calf could not be uniquely designated. Thus, gender ~of -the calf included single- male, single 
female, twin male, and twin female calves. :After edit%ng, the fir-st -lactation subset included 
11,967 records and the multiparous set had 8,147 unique cow lactations. 
Statistical analyses 
The response variable evaluated was calving assistance -desigpated. as a binon~ial-
variable. The analysis of independent variables was performed ~ as described ~-hy : {wiederhold 
~t al., 2003). one-factor analysis was used-to id~ti-fy important ~P < 0.15) independent . 
variables for inclusion in the complete descriptive n~odeb using the mixed procedure -in -SAS 
(SAS, 1999). The correlations procedure =gin SAS- {SAS, 1999) was uscd~ to-check fob 
colinearity and among highly collinear variables only one variable, with the smallest simple 
linear model P-value, was retained. 
The mixed procedure of SAS tSAS, I9~9) was -used to build complete descriptive 
models. Simple interactions that were significant (P < 0.05} were retained in complete 
descriptive models. 
The following mixed model was used for-data -from: prin~~~ar~us -cows: 
~13k~ = bo + BiRT'f3EM; + CA~~i`M~ + .CG~3~BR~ + i~T~C~IwS~ + dim + ~n + 
e~1kt~ 
where 
~1~~~ =binary variable associated with calving difficulty {0 = no assistance; 1 = at 
least slight assistance; 
bo =intercept; 
BIRTI~[MI =Month of birth=~n-f the -darn ~; 
CAL~iZVI~ =Month of calving j; 
~o. 
C GENDER 
NOCLVSI
Hm
YRn
e~jk~~ 
= gender of the calf k (t = male; ~ =female); 
= number of calves 1(1=singleton; 2 =twins}; 
= random effect of herd m (m = l , 2, ... , 10) and 
= random effect .of year of calving n (n = 1990, 1991, 1992, 1.993, or 1994) 
and 
= randorri residual effect. 
The following mixed model was used for data from multiparous cows: 
~ijklmnopgrsuv = bo + b 1 ~~IEMILK + b2NS + DRY'Mk + BIRT~-IlVI~ + CAL~i'Mm + 
where 
~ijklmnopgrsuv 
bQ
b~~ b2
MEMILI~ 
NS. 
DR~'M~ 
BIR~'HMl
CAL~~Mm
C QNCMn
P~~`~a
PM~pVRp~ 
PRPp2
PMETRp3
PCYSTp4
PLI3Ap~ 
CONCMn + P.ARITY~o + PMFVRp~ + PRPp~+ PMETIZ.p3 + PCYSTp4 + 
PLDAps + PMASTp6 + PLAIVIE p~ + CGENDERq + PCDIFpr + 
NDCLVSS + Hu + Y.~v + eijldmriopgrsuv 
binary variable associated with calving difficulty (0 = no assistance; ~ 
at least slight assistance); 
intercept; 
regression coefficients for mature equivalent milk yield and number of 
services for conception, respectively; 
previous lactation mature equi~alenl n~tlk yield; 
number of services fQr conception; 
month turned dry in the previous lactation k; 
month of .birth of the dam l; 
month of calving m, 
seasoh of conception n 
parity o (o = 2, ~-~, ~- 11); 
previous lactation occurrence of milk fever (0 = no occurrence; 1 = at 
least one occurrence of the disorder}; 
previous lactation occ~rrerZce of retained placenta (0 = no 
occurrence; 1 = at least one occurrence of the disorder); 
previous lactation occurrence of metritis (0= no occurrence; 1 = at 
least one occurrence of the disorder); 
precious lactation oceu~rence of cystic ovaries (0 = no occurrence; 
I = at least one occurrence of the disorder); 
previous lactation occurrence of lei displaced abomasum (0 = no 
occurrence; 1 = at least one occurrence of the disorder}; 
bl 
PMASTpd
Pf,1~~MEp~ 
PCDSq
N~CLVSr
CGENDER~ 
Hu
YRv
eijklmnopgrsuv 
= previous lactation occurrence of mastitis (a= no occurrence; 1 — at 
least one occ~.rrence of the disorder); 
previous lactation occurrence of lameness (0 = no occurrence; 1 ~ = at 
least one occurrence of the disorder); 
= previaus lactation calving difficulty score q (1 = no assistance; 2+ = at 
least slight assistance); 
= number of calves r (1 -= singletons; 2 =twins}; 
= gender of the calf s (1 = ma1e; 2 =female); 
= random effect of herd u (u = 1, 2, ..., 10} and 
= random effect of year of calving v (v = 1991, 1992, 1993, or 1994) and 
= random residual effect. 
The least squares means in the mixed models procedure were used to detect 
differences in means. 
Results and Discussion 
Frequencies of calving difficulty for primiparous and multiparous cows are in Table 
3.1. Calving difficulty for primiparous cows was 29.82% and for multiparous cows was less 
than half of that value, 10.52°~0. Previous studies have reported that primiparous cows have 
greater calving difficulty than multiparous cows and estimates of calving difficulty in the 
current study were similar to others (Dematawewa and Berger, 1997; Djemali et at., 1987; 
Meyer et a~., 2001). However, misclassification maybe notable, because cows may have 
beep misclassifi~d 
Table 3.1. Frequencies of calving difficulty for calves born to primiparous and multiparous 
cows. 
Calving Difficulty 
Primiparous 1Vlultiparous 
n ,frequency, n ,frequency, 
No assistance 8,398 70.18 7,290 89.48 
At least slight assistance . 3,569 29.82 857 10.52 
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Table 3.2. Frequencies for number of calves born to primiparous and multiparous cows. 
Primiparous Multiparous 
l~Tumber of calves born} n frequency, % n frequency, 
Singletons 
Twins 
11,887 99.33 7,760 95.25 
80 O.b7 387 4.75 
Twin births removed from the analysis when the twins consisted of one male and one 
female calf. 
Calving month (Figure 3.1) and gender of the calf influenced calving difficulty for 
primiparous and multiparous caws (Appendix G). Calving difficulty was lowest during May 
through November for p~imiparous cows and during March through September for 
.multiparous cows. Similarly, others reported lowest difficulty for spring and steer 
calvings even though these studies did not have similar seasonal weather patters to California 
(Erb and Martin, 1980; Lassen et al. , 1990; Pollak and Freeman, 1976). CJne hypothesis for 
Tess difficulty in the spring may be cows during these months are better physically 
conditioned to underltake parturition (Pollak and Freeman, 1976). Periparturient disorders 
and 1~~1E milk for multiparous cows during the previous lactation did not influence the 
occurrence of c~.lving difficult. 
Frequencies for number of calves born. to primiparous and multiparous cows are in 
Table 3.2, Multiparous cows had 4.75% twin births and primiparous cows had 0.67°~o t~i~vii•1 
births. The rate of ~~rung in the current study was similar to the twig rate reported by 
others (Correa et al. , 1993; ~sel et al. , 1998; Nielen et al. , 1989). Multiparous cows that 
had twin births had more dystocia (Table 3.3 ). Twinning has been reported previously to be 
associated with greater rates of dystocia in dairy breeds (Bendixen et al. , 1986; Cady and 
~4 
Table 3.3. Least squares means and standard errors of calving difficultly for number of 
calves born to multi arous cows ~ . 
Number of calves born Mean SEM 
Singletons 
Twins 
0.120a 0.0276 
0.298b 0.0313 
1 Calving diff culty defined as 0 = no assistance, 1 = at least slight assistance. 
2Twin births removed from the analysis when the twins consisted Of one male and one 
female calf. 
~bEstimatcs for means within a column v~ithout a common superscript differ (P < 0.05). 
Table 3.4. Least squares means and standard errors for calving difficulty for calf gender 
when born to primiparous and multiparous cows l . 
Gender of ca1~' 
Primiparous Multiparous 
Mean SEM Mean SEM 
Female 0.202a 0.421 0.187a 0.0286 
Male 0.342b 0.0420 0.232b 0.02,87 
'Calving difficulty defined as 0 = no assistance, 1 = at least slight assistance. 
2Twin births removed from the analysis when the twins consisted of one male and one 
female calf. 
~'bEstimates for means witiun a column without a common superscript differ (~ < 0.05). 
Van Vleck, 197$; Correa et al., .1993). Correa et al. (1993) reported that calving difficulty 
was 10. ~ times more likely to .occur when ~ calves were barn. In contrast, Peeler et al. 
(1994) indicated ghat twinning vas not associated with calving difficulty. However, the data 
used by Peeler et al. (1994) included only 3,603 lactations from 10 aut«,mn calving herds, In 
most studies, twinning was associated with more dystocia. 
when, male calves were born, more occurrences of calving difficulty were reported 
regardless of parity. when male versus female calves were born, calving difficulty was 1.4 
and 4.5 percentage points greater for primiparous and multiparous cows, respectively (Table 
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Table 3.5. Least squares means and standard errors for current lactation calving difficulty 
for previous lactation calving difficulty for multiparous cows ~ . 
Calving difficulty Mean SEM 
no assistance 0.197a 0.0283 
at least slight assistance 0.222b 0.0292 
1 Calving difficulty defined as 0 = no assistance, 1 = at least slight assistance. 
a,b Estimates for means within a column without a common superscript differ (~' < 0.05}. 
3.4). Other studies also reported that male calves were born with more difficulty (Correa et 
al. , 1993 ; Martinez et al. , 1983; Pollak and Freeman, 1976). 
Bu11 calves usually are larger and heavier at birth than female calves at birth 
(Bendixen et al. , 1986; Kertz et al. , 1997; Pollak and Freeman, 1976) which may account for 
the greater dystocia. Calving difficulty was greatest for births of largest (Meijering and 
Postma, 1984) and heaviest calves (Erb et al. , 1981; Laster and Gregory, 1973). Erb et al. 
(1981) reported that heaviest calves were associated with a greater incidence of dystocia for 
primiparous cows. The occurrence of calving difficulty was lowest for male calves born to 
older primiparous heifers at calving (Berger et al. , 1992; Echternkamp and Gregory, 1999; 
Weller and Gianola, 1989). Larger body frame size for Oldest primiparous heifers may 
reduce the occurrence of calving difficulty. 
Calving difficulty was greatest for multiparous cows that required more services per 
conception. Calving difficulty was greater by 0.6% for each additional service. Other 
authors noted similar relationships between previous reproductive performance and calving 
difficulty. For example, an occurrence of metritis during the previous lactation was 
associated with greater calving difficulty in the current lactation (Rowlands et a~ , 1986). 
Metritis and requiring more services may be a function of underlying conditions that affect 
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cow reproductive performance and subsequently influence the occurrence of calving 
difficulty. 
Least squares means and standard errors for the effects of previous calving difficulty 
on the occurrence of current lactation calving difficulty are in Table 3.5. Multiparous cows 
that had a previous occurrence of dystocia (0.222 f 0.0292) were more likely to have 
dystocia in the current lactation than multiparous cows that did not have a previous 
occurrence of dystocia (0.197 t 0.0283). Similar results were reported by others (Dohao and 
Martin, 1984; Bendixen et al., 1986). Conversely, Rowlands et al. (1986) reported that a 
previous occurrence of dystocia had no association with more dystocia in the current 
lactation. Rowlands et al. (1986) adjusted for herd, year of calving and lactation number, 
whereas Dohoo and Martin (1984) and Bendixen et al. (1986) did not. In the current study, 
herd and year of calving were adjusted for. However, in our study the difference in least 
squares means was so small that the biological importance of this difference is questionable. 
Conclusions 
The occurrence of calving difficulty in the .current study was 29.82% for primiparous 
cows and 10.52% for multiparous cows. Multiparous cows that had twin calves had more 
calving difficulty; however, number of calves was not important for dystocia in primiparous 
cows. Regardless of parity, calving difficulty was greatest when male calves were born. 
Multiparous cows that required the greatest number of services for conception during 
the previous Lactation experienced more dystocia. Calving difficulty was greater by 0.6% for 
each additional service. 
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Multiparous cows that had an occurrence of dystocia in the previous lactation were 
more likely to have dystocia in the current lactation. However, this may be a statistical 
association that is biologically unimportant. Previous incidences of other periparturient 
disorders did not affect calving difficulty in the current lactation for multiparous cows. 
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CHAPTER FCJUR 
GENERAL CUNCLUS~oNS 
This research represents an effort to further understand factors that influence perinatal 
calf death loss, number of live calves, and gender of the calf. The process of calving is a 
critical time for the cow acrd calf. For number of live calves, cows that experienced an 
occurrence of cystic ovaries during the previous lactation had more calves. Number of 
calves was greatest for third through fifth parities. An interaction between cystic ovaries and 
parity influenced the number of live calves. For multiparous caws that did not have a 
previous occurrence of cystic ovaries the number of live calves born was greatest for oldest 
cows. Qn the other hand, for cows that had a previous occurrence of cystic ovaries the 
number of live calves was greatest for third through fifth parity caws. 
Singletons had the lowest perinatai death loss within 48 h. Calves that ~yere born 
with difficulty had the greatest perinatal deaths. Interestingly, for singletons born to 
multiparous cows, peririatal death was 0.4% greater for each additional service. For twin 
born calves, periri~.tal death loss was 2.4% greater for each additional service for conception. 
Periparturient disorders occurring during the previous lactation in multiparous cows did not 
influence peri~natal death loss. Research is needed to further substantiate the observations 
the current study indicating that peripaxturient disorders during the previous lactation did not 
influence perinatal death loss. 
The occurrence of calving difficulty, in the. current study, was 24.82% in primiparous 
cows and 10.52% in multiparous caws. Multiparous cows that had twin calves had greatest 
occurrences of calving difficulty. However, number of calves was did not affect the 
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incidence of dystocia in primiparous cows. 'UVhen male calves were born, occurrences of 
calving difficulty were greatest regardless of panty, 
~`or multiparous cows, calving difficulty was 0, 6% greater for each additional service. 
Further research is needed to substantiate whether this observation is biologically significant. 
1Vlultiparous cows that had an occurrence of dystocia in the previous lactation had the 
greatest likelihood of dystocia in the current lactation. Previous incidences of periparturient 
disorders was not associated with calving difficulty for multiparous cows. 
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APPENDIX A 
Herd size characteristics for Holstein herds included in the data sets . 
Herd Date Number of cows at Number of cows at Average number of 
collection beginning of collection end of collection caws 
initiated period period 
1 9/1990 650 540 595 
2 711990 1,100 1,150 1,125 
3 8/ 1990 800 1,400 1,100 
4 12/1990 600 600 600 
5 2/1991 850 1,150 1,000 
6 2/ 1991 1,200 1,280 1,240 
7 2/ 1991 93 0 900 915 
8 2/ 1991 540 540 540 
9 8/ 1991 1,650 1,700 1,675 
10 8/ 1991 900 1,000 950 
1Data collection ceased February 1994 for all dairies. 
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APPENDIX B 
CATEGORIZATION OF MONTI-~ INTO SEASONS BASED ON OBSERVED 
TRENDS OF PERINATAL DEATH LOSS USING LEAST SQUARES MEANS. 
SEASONS ARC DIFFE1tENTIA'~'~D BY SYI~I$OLS. 
76 
0 .~ 
a~ 
0 
Q 
z 
0 
ti
w 
ti
0 0 ~ 0 ~ 0 ~ 0 ~ 0 d' 0 M 0 
0 0 0 0 0 0 0 
sso~ y~sap IE~Buwad 
•.r 
c~ 
A 
A 
z 
0 
ti
ti
w 
a 0 
r 
O~ 0 00 0 t`- 0 ~D 0 ~ 0 d' 0 M 0 
0 0 0 0 0 0 0 
sso~ q~Bap iB~eniaaa 
A 
a ~. a 
H 
01 00 l~ ~O t!') et M ~ 00 l`~ ~D ~ ct M 
O O O O O O O O O O O O O O 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ssol q.~BaP lead ssol q~eap IB~Ba~aad 
77 
APPENDIX C 
Importance of effects for perinatal death loss for calves born to primiparous and multiparous 
cows. 
Primiparous Multiparous 
Effect Singletons Twinsl Singletons Twins 
P —value 
Current lactation 
Parity .2 . NS3 NS 
Gender of the calf <0.001 NS 0.06 0.12 
Calving difficulty score <0.001 <0.01 <0.001 <0.001 
Calving season <0.01 NS 0.12 0.07 
Season of birth for cow NS NS NS NS 
Interactions 
Cawing difficulty score x <0.001 NS 0.02 NS 
Calving season 
Previous lactation 
Mature equivalent milk N S N S 
Number of services <0.01 0.02 
Calving difficulty score NS NS 
Disorders 
Cystic ovaries NS NS 
Lameness NS NS 
Left. displaced abomasum l~S NS 
Mastitis NS NS 
Metritis NS NS 
11flilk fever NS NS 
Retained placenta NS NS 
Season of conception NS NS 
Season turned dry NS NS 
1Twin births removed from the analysis when the twins consisted of one male and one femme 
calf. 
2Effect not included in model. 
3NS =not signif cant. 
~g 
APPENDIX D 
LEAST SQUARES MEANS AND STANDARD ERRORS OF PERINATAL DEATH 
LOSS FOR CALVES BORN IN DI~'F~RENT SEASdNS TO PRIMIPAROUS AND 
MU~.~'I~AROUS COWS. 
74 
; 
I 
r 
\. 
—
r--
Pr
im
ip
ar
ou
s 
- S
in
gl
et
on
s 
~ 
Pr
im
ip
ar
ou
s 
-T
w
in
s 
~~' -
-~
--
M
ul
ti 
ar
ou
s 
-s
in
 I
et
on
s 
M
ul
ti 
ar
ou
s 
-T
w
in
s 
p 
~ 
p 
G 
80 
APPENDIX E 
Least squares means and standard errors for calving season by calving difficulty effects on 
perinatal death loss in singletons from primiparous and multiparous dams. 
No assistance Slight assistance At least moderate 
assistance 
Least SEM Least SEM Least SEM 
squares squares squares 
mean mean mean 
Primiparous 
March -May 0.043 0.0174 0.092 0.0220 0.252 0.0214 
November -December 0.053 0.0181 0.198 0.0251 0.262 0.0239 
January —February, 0.045 0.0166 0.163 0.0193 0.234 0.0186 
June to October 
Multiparous 
March -- May 0.018 0.0073 0.163 0.0207 0.259 0.0232 
November -December 0.032 0.0080 0.125 0.0263 0.190 0.023 8 
January —February, 0.021 0.0628 0.118 0.0136 0.248 0.0127 
June to October 
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APPENDIX F 
Importance of effects for calves born to primiparous and multiparous Holstein cows . 
Effect Primiparous cows ~'Iultiparous cows 
--P-value 
Current lactation 
Panty . 2 <0.001 
Caring Season NS3 NS 
Season of birth for the cow N S N S 
Previous lactation 
1Vlature equivalent milk yield NS 
Number of services for conception NS 
Disorders 
Cystic ovaries 0.0~ 
Lameness NS 
Left displaced abomasum NS 
Mastitis NS 
Metritis NS 
Milk fever NS 
Retained placenta NS 
Interaction 
Parity x Cystic ovaries 0.01 
Season of conception NS 
Season turned dry NS 
1Twin births removed from the analysis when the twins consisted of one male and one 
f~mal~ calf. Triplets and ~alv~s dyad at birth wire ~xclud~d frz~tn the analysis. 
2Effect not included in model. 
3NS =not significant. 
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APPENDIX G 
Importance of effects during current and previous lactations on calving difficulty for 
primiparous and multiparous Holstein cows. 
Effect Primiparous Multiparous 
--~P-value---
Current lactation 
Parity .l NS2
Gender of the calf <0.001 <0.001 
Number of calves3 NS <0.001 
Calving month <0.001 <0.001 
Dam birth month NS NS 
Previous Lactation 
Mature equivalent milk NS 
Number of services <0.01 
Calving difficulty score4 <0.01 
Disorders 
Cystic ovaries NS 
Lameness NS 
Left displaced abomasum NS 
Mastltls NS 
Metritis NS 
Milk fever NS 
Retained placenta . . NS 
Conception month NS 
Month turned dry NS 
I Effect not included in model. 
2NS =not significant. 
3Twin births removed from the analysis when the twins consisted of one male and one 
female calf. 
40 = no assistance, 1 = at least slight assistance. 
